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(54) SURFACE LASER BEAM EMITTING DIODE AND MANUFACTURING METHOD THEREOF 
(57)Abstract 

PURPOSE: To manufacture a vertical resonator type laser beam emitting 
diode running no reactive current between a current block layers and an 
upper clad layer close to an active layer. 

CONSTITUTION: A selective growing mask 9 having a rectangular apertute 
part 10 with two sides in (011) and (01/1) directions is formed on a 
semiconductor substrate 1 having a (100) surface and then a mesa part 
including an active layer 3 wherein the crest of the mesa part terminates at 
the ridge line in (011) direction is formed on the substrate 1 having (100) / 
surface and after the removal of the mask 9, current block layers 5, 7 and a 
contact layer 8 are grown using the stoppage of the crystal growth at four 
(111) B surfaces. Through these procedures, a semiconductor layer can be 
formed by MOCVD process having excellent shape controllability without 
using wet etching step thereby enabling a reactive current to be 
suppressed near the mesa structure. 
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(57) [Ett] 

[fltdEl {100) ffi^^rt5*»*ssi±i: <o 

1 1 > 27fa, RW (01/1> #fa<7)2ffl£t)0$g^(« 
□ ffil 0 srrsiRricfifflT^^ 9 £j#j£U -LIES 
filJitwja«lS-SlicfcO^O>c-9-SB©]l±3&s (Oil) 

j£U ±EVX27 9£»-;£U;fc&, 4OC0{lll}B 

JB5, 7, &I/n>^^ hH8S:fKfirs. 
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'///// /////K/VS//^ 



1 

{ i o o) m i ( i o o) ass^trcnt^PffiaBS) * 

1:1c. (0 1 i> ^fp] ([oil]* 
filt&MteJjfa) , 7£tf <0 1/1) #fp] ([01/ 

(I, M/jjcl^ctO. 4OC0 {1 1 1} C (1 1 

<t>M±S^\ (o i i) jjfa c [o i i] 2ri«j£^tf:: 

±EiB&;Sfi "=? X 57 £ fti-T -5 X*£ £ , 

it, *©IB±l2^*ftBJ;0*5^1^fflC04^)<z> {1 1 
1) Bffi ( (1 1 1) BE£<§-tr£*ifc*ffi£:ffi] Tte 

[fflf*« 2 ] ffijRJg 1 E«?>M«3fc if ^-Y 3}-— F 

fit^Iitt, pSlnP/\'777& InGaAsP 
StM. n S I n PfB 1 ^ 7 y KI SaRflcfit-B t>(0 

Sfi, nllnP, pfil n P£^/£g <7rr 

«t 9£:£*1fSS<94o<D {1 ] 1} ffi C (1 l l) Bi 

*^'&Z-tit.mW<sM] t(iinP(om^:^ 

lEStenilnP^D'y^M, ±E*if£B 
HB.KtZtt»rlSiH«^«C0nS! InPS2 

*^JiE»fi±tdESUfc±g2nai I nP^Dy^i 
&CX±IS»rffi=ft^ttCQna! I n PSfS2^^y KB 
±fc, nS I n P 3>^^ 



(2) 4$&H¥7- 3 1 2 4 6 2 

2 

»3tU*OHi*fflOBBP*«flE"rsxe«, ±E¥*# 
AoKxy5 1 >^ KyAB£fc»£UT»H!P£«j£ 

[18*^4] B*J5 1 3ft^iU3«)^n^tcES<7>ffi 
10 T*xe<fc, 

[tS#* 5 ] l Sfcti 2 £E«G>tt5283te tf 8 

^ FoS&g^&lcS^T, 
JtE*W#*«±Jc±Ea«J«*TX4r f &t«M?i£fi 

JRS»dE-r-5XS&*&*. 

Sl^^WfrKltR^ri&fiSiirSXSTfeSCltSWa 
it^IM l/-if F ©KiS^ffi. 

[«s*b 6 ] a*3B i fc^ l, 5 ov^rn^ tE««>ffi 
±E^-y-«s«dc'rssttJB&'S-tr**#»$^s 

7 ] 6 fcE«ow»3C if ^-r 

^^-^SfflSBPgS^L^c^^X^^^^^^mt 

8 3 1 SiZzlt 2 f'E«<7)®ie*K»?e! 

□^w^saEftoje^BHP&wr^feo&ffl^T, * 

» fi 0 1/ - if 5fc * ffi J] -T ^ ^ < * - F CO 7 U < «ig * 
/ »J y ^ KfP»l,T&£*»fiER^U-if ^-T ^- 

^"-FCDSlig^ffio 
[«f#«9] 8S*JH1 *fcl4 2(lEttcoffi«3tU— If 

±:Ea«ja6fifflvx^«r«ri£-r<5XgOflfU^ ±E*» 

56> fr£S±tz^^^i;^ii^x-/^>^ r pjeg^^^jsr 
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3 

{100} m c (100) H£^tf£n<t*ffi&B9] & 
W*-*¥»#*«±l;:»iastifc, <o 1 i> p^rfpi 
[[011] *rtii:*«a^rto , xr* <o i/i> 

ft C [0 1/1] #fi£*flff&;2F|R0 ©2 22£*>:3je« 
JfMfc£j£ffifcU 4^C0 (1 1 1) BITi^n, JI± 
ffl^ (011) *tpj C [0 1 1] ^ft^tr^nt^ffi 

<t, 

m*V&<D4-D<D [I 11} BMC (11 1) BIS^ 
tfEntSMffifc^GD ±\z\*igL&Wftt>tv?» JtE {I 

00} m&&Tz¥m#mwL±<D&\zm&2nyt.nffi7 

[»*35 1 1 ] »3jfcH 1 0 (Cffi«CDB5S!3t *f y-f 
±E**#»±D&*;*^a»3;* 4ocD_hfB {111} 

Bffis^rr*, ±ta {100} M£*rr^p^ i n pi 

S±JCIH5*:«rift$n3fc, pSlnPAy77», InG 
aAsPgfil, niInP»1^7yHi, &t*n^! 

IlnP^Dy^i, pilnP^Dy^i, nlln 

1 2 ] m$&R 1 0 ^^cfi 1 1 fclB«OB5B5K 

±E*«fr SfiWKBB Sr X y > ^ LTJgflE U & IB □ O 

1 ©RtMfcRlfR <t , 
ilB^SflcSct 0 ^^8R±fcti£fibfc±Ey □ * & 

1 3 ] BfcfcH 1 0 1 1 CfEtOM^^ 

±E#W#a«it. ±E^-9"«co*»*Ht«)RHc»jaE 
ShfcJB 1 

±E**ftHcfc 0 * a±fc:j8:BLfc±E:/a ^ 
«, n>^^ hJB±H«J5£$nfc»2<0*3»fl:SitlBi: 
^^('^T'6^<tS:^a<t'raM%7tl/-1f^-r^ 
-Ho 

1 4] lOSfclill ^EHEcoSit* 



(3) 4$NPF7-3 1 2 4 6 2 

u— if^-f^"» k^, T^^mmiz^y v *s y $ \z\t-m 
$ nt&s r <t ^fgi5g>t u-+f^< f. 

[IB^cfli 1 5] SWc^l Oitlil 1 KEttOSiHft 
ISyiz-f-f ^ Hh-h-»i7 (PHS) #?5g£, fS 

1 6 ] 8?3R3i 1 3 izERco^iS^ggSflifuJg 
10 yt \/— if y-Y F tC*5-^T, 

tfi. ±t am ft ji ifii-r ffl'j <t e so tc db <t & ^ ft 

[0 0 0 1] 

3, 

[0 0 0 2] 

[££*<£&#?] H16H ELECTRONICS LETTER 

S, 1993, 29, pp331-332 {Z^tifz. «£*CO^iSfttgig® 
ffi»5ttU— tf^-f^*— K&^-T. Hlwis^T, ions 
I n PM, 102HniInGaAs PX-yf>^ 
hy^S, 10 3ttnIInPT^77Fl, 104B 
Plln P^"n.y/7/i, 105ttnSl nP^n-^ 
59 l0 6UpSlnP±^7yHB, 10 7fSp^!G 

alnAsP + tym 10 8tipfiJ«ffi. 1 0 9 
nfflj^ffi, 110a, 1 1 0 bf4» 1. ^2C0S i 02 
/S i 1 1 ltt5S5tKfi^l. 3^m©p 

SGalnAsPiM, 1 1 2li±El nPXfil 0 
1 td^cDfiMJ; 0x^f>^:J;0riP$n^a, 1 

i 3\$mmn i i2cto, jiESfte i i i T-!g££n 
fc3e^ss»Ri i o£^bTa^£n£7£&^-?& 

[0 0 0 3] CKO^/WXSIiStt. 24*<OJ:^^vU7 r 

Pi, RtfnSlnP^Dy^Bl04, 10 
5Tl46^^n, $e,i:pIlnP^77FI106t: 

1f^-f KK*5^TJJ, n«SBl0 9tpffl 

«« i o 8 <t©H(c«EE^Hian-r5«t. pfc!im&io8 

flW^&tt, pIGaInAsP^t7^S107, 
I n P1^77 HSl 0 6 ^j>l/T, nfflijflffil 0 9{|ij 
7&^^, InPSfilOl, nfi I nG a A s Pl 7 f 
>^Xh7^110 2, nlln PT^77 Kil 03 
50 £?t-LxT, piGalnAsPgftllllCiW 
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mf&& \z ct o 5i u tit a, o ssfstt/B £ W] m& *>mts 

painPyo-^;Bl04, n*g I n P7'Uy'jm 1 

1 1 1 £$if¥«StWB<!:. ^B.kTlCffiHTSSSl, m 
2(DS i 02 /S i ^HSWR 110a, 1 1 0 b£!C 

ctoMftiBggT&m^snT, inpsfiio ovum 

\zm&tStlTcma 1 1 Tffll©#iMlBl 1 o 

a£;frLTM^U~1ftfi7J 1 1 3 £ LTidiM^n*. 
[0 0 0 4] -r* LT, C«Se*CO^iE«JgSSiiffi%>tU 

2HK0LPE, SWx7hX 7 5 1 >^ 

[0 0 0 5] gf]*3, *1\ (100) InPSglOl 
±\Z. 1 wmCOrii InGaAs Pl»;f>W hs/A 
110 2, 2/im^niInPT^77HI103, 
0. 7/im©piGaInAsPWl 1 1, 0. 3 
MniOpS I n P±??y HJS 1 0 6£L P E (Liquid 

Phase Epitaxy) 9 bT, DH (^r/Jl^r- 

b (CH3 COOH : HC 1 : H2 02 = 2 : 
1:1), i 02 ^Xir&m^TmZ 2 umOW 

M*y-&Wf&-TZ>o S i 02 TX^^^b/cCD^, & 
^ 1 umm<DVuy^mi 0 4, 1 0 5, pSlnP^ 
7 7H1106, &tfp~ GalnAsP^f^ll 
07^ ^21eJ@c^)L PE&fCcfcD, ^^hA^y^^n 

■fe x & b "c^^f^j tcfiEfi-r . 

[0 0 0 6] «Tte, iSttSl 1 l©KJ:©tty7B 
1 0 roRfi^cfc-Sft+^u/^'Slje^^ SSI 0 1 

moi 1 2 <D*js£*<7>Ig£frV^ SI 6lC^TM%7fe 

[0 0 0 7] l^5C, £©<k5fca*©ffi5E3fcl'— If 

Ha»l 2 Mm©IS/hn«*i6K. IH^R^^It^ 

0, nHlnGaAsPX7f>^h7/^102, 
nSInPT^7yHil03, piGalnAsPS 
fi-S 111, piln P.h^y HJB 1 0 6, <D&^m 

[0 0 0 8] £fc, ±ffcFl&*Vm&&mibiLAjT~&2> 
S^fPii5f^<SMi:lT, ^nt)LPES^ 

V>T. »nffl, pSH©iHfi»«Bi:«toTJ8tt 

^ffilT&S > ^ 3 ISlffla** o it. 
[0 0 0 9] C^-atclML. ±Kn^*iM«ii£fl£3HT 



(4) *£§8¥7 - 3 1 2 4 6 2 

5 

/ i ft JS m ffi i c x y > ^* ^ * — x £ * t 1 1/ > <5 tf> J c , £ 

ffBH7-rx^?>yaco^u y hs-ha^isavrcfc 

[0 0 10] ±IEt£*«T?tt, ettH«©*J»CO 

P^n-y^/HTJlJ6ii^. ^^Cpi I n P^77 Kl 

[0 0 1 1 ] 

teflon cilcfcO, BteBao&giSl;:**^/^ 
[0 0 12] **98tiJa±oi;5ftiaiH^*««'rsfc 

[0 0 13] &rz, Stt««©5gr»©»!»tt 
[0 0 14] 

^ U~if^<*— HO»jS^fett, {100} M<£:^1-^> 

**»s«Jifc <o i i> jjfa<Dm&$>'i&mma$:& 
jiaGa«jdcfifflvx^s»sbfc^ 4^ (i 

1 1} BffiTteSJ«fi75*f?±-r<&Jli:*jpJfflUT, 

[0 0 15] IP -ft, ^<O^lC)&^*Sitftfigga!0!>ffi 
*36U-if H©»JB^j*tt. {10 0} 

5^ r*¥W#*«±t, (0 1 1> ^fSj, Rtf (0 1/ 
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-?X'j<D&Bmn±iz, SiR/SfiKcfcO, 111 
1) BBBSrtfU ^0*iti$<DJI±SB^, <0 1 1> * 

»B«4 0© {111} BBj^iteS/Sfi^^-rsi'S i0 

ftE-rsxet^tfCl(i:*1fa<i:-r^t)COT*S. 
COO 1 6] Sfc^cojEWfcL ±EW»3tU— tf^<^ 

TS±E*Mf#SlS±(:\ ^tfSRt7S:SStt»S:$tr¥ 
S^l$:lMgt^lSft painP/\'777H, 
I nGaAs Pfgttli, nil nPSl^7y HBSS 

TBffibfcJiESffi-kl;:. M^d-;?!!, mSziyfp 
5 hJB&/=£fi*i*:5XSte:, nSlnP, pilnP^ 
WS&JSfi^ttSfc^Tf&tK -£-<&fi8XEAy 7rl, « 
ttS. gl^7y FH<fcD&£;*-y-eBcQ4:P<z> { 1 1 
1} BESTMi I n PWfeari&fi^jS^: Si\ ±E*«± 
CnllnP^Dy?!^ ±E*1«S<Z>3Sl K 

[0 0 17] ^Ac^cO^^ JtEffiSHfcU— tf^-f * Jtf 

p£jgj£-r*xete. ±iax7f>^h-yAiiTx 

KHnS^-r^XSt^feOT*^. 

[0 0 1 83 &1tZ<D2£W\** _hEffi5S5fcU— if^-f* 
— HcoK^&K&^T, .hEtigg^ny^H, Rtfa 

oEj*R£^j5S-rsxg<>:. ±e**#*« 

-€-OBffiJ:Dx-/5 = ->ySrfToTDHP : £Jgdcbfc 
[0 0 19] ±EBff»*U— tf^-f * 



4*BB¥7-3 1 2 4 6 2 

1 w*«flcK»HSJ5£fi$ii:SXietLfct>0"e»^. 

[0 0 2 0] ^fcu^H ±Effi5S3tU— If^-f * 
-HoHift*ffiti3^T, ±EBttJ5fcftffl-7*^ib 
T, ^/WXf£»1H«<0iE#fc. ±E*-*886^j£T"5 

[0 0 2 1] S&doSHBtt, ±Effi5»ti'-1f2 r -f * 
-«fiflJBP«M\ «S(clB«l/T«0iiLBaBSn-5 

[0 0 2 2] *fcd<0«Mtt. ±E£tt^fi»Sffi%% 

P<zr*ftrt<»&«3, ft^^"-H«<OBBP*7&«S»:^« 
ftcoJe»BBP*«-r«> , bCD*ffl^T* &$L&<Dl<— -tf^tt 

[0 0 2 3] £ftZL<D#m** XEffi«5tU-1f^<^- 

-r^xigcosatc, ±E*w#*«±rc*6^i;«>a#ix 

s/^>i/pJSga:«*«j5£"r<bxai:, JbEaWdEfiffi^ 

&X^<h, *©«te±E*»**tR±ir«flK^ny^ 

[0 0 2 4] rco«Mfc*>^SSa^o«|jifia!coSffl[ 
ft««S!*«#ffi383te V— if F te\ {10 0} 

B&*r**w#*sj:fc»flEsn&, (oii>* 

fpj, Rtf <0 1/1) ^lP](7)2 5a$ ! b^^^«^i£M 
tU 4^1.111) BffiTI^n, K±fl»^ <1 1 
0) *ra©«»{iT3»aT^*W*BJ;0^:S^*ffl 

K^^«<^4^© dill Bm±\z\t^m^n^ 
nr. ±fs {ioo} ffi*wr*¥«*««±<z>*«c» 

[0 0 2 5] ±Effi»*l^— lf^* 

{iii} Bos^^rra, -Lie {100} as^r-r^G 

a A s *m#&fiL±lzm9zM&t£tl1t, PS I n PAy 
7r^, InGaAsPStti, nSInPJBl^yy 
F», RtfnainP»2^7yHH<tf?aD. ±E« 
Syn^^E Xtf*<DJh©:3>$>^ FBtt. nMln 
P^nyZm, pSInPyo^^H, n^InPn> 
5^ hiT^I)t)OTS^. 
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[0 0 2 6] %.rzZ<D&m$* ±Effi»3tU— tf^< * 

[0 0 2 7] ifcuOSffllt ±IBffi»Jtl^— If^-f * 
-HIC^^T, ±ffi¥*ft:*K£, ±E*1fflBCD¥3(ft: 

[0 0 2 8] S&dOKMfi, JtE®ffi#««3SH5?Sfc 

[0029] ss&jkmbw* leiia^fisaixx 

>^ (PHS) ^tt^SPCDia^iC^ttT^^fe 
[0 0 3 0] ifcdW«MI4, ±E*fltffc««aOT5Be 

l3^^^T^S$n^^2(0^^i>c^m^. JiEStt 

[0 0 3 1] 

9<i*— HOKjg^ffi(c*5^Ttt, {10 0} ffiftWT 
S*3f#SSJi^, <0 1 1> , Xtf (01/1) ^fp] 
CO 2 SB * fc o £#H □ ^tniSM^TX^ 

«|D±I:, a«J«fifc:«fc&, 4^>co (l l l) b 
ffi£^TU -t©^*fiBO]H±ffl# (0 11) *|^©!K« 

E**(*:SS±JC, «8S^Dy^JH, R^^^hH 
£:*Jci*2-fc!\ -t(7)!K_tE**frH«tD^:^^1f«B«>4^ 
CO {1 1 1} BlT^SH^^it^i^^Sg^ 
fTfcUSxet, ±E*«*S«(c:, foSB«t0iy 

±B*l(&EMKfc|IBP£»d£U BfHUfc± 



(6) ^§8^7 - 3 1 2 4 6 2 

10 

1f^<*--K£?&Sn-2>. 
[0 0 3 2] */iC:<^56WtC*5ViT«, JLEiffi5S>tU- 

s^tr^wfrw&awjEKft-rsxett, om i n p/w 

7ri, InGaAsPSttE nSl nPSgl^77 

i0 *»5&bTBfflLfc_hE*tE±(C- fi«t7P^g f 2& 
tfa>*^ h^^^g$i±^X^ti, nglnP, pS 

7E eteJB, mi FJB«fcDfc**1tfW<c>4o<z> 
{111} BBTttInP©ISafl5fi*jg^5r, ±E 
M±l:niInP^Dy^M, ±E^-yfiRC0Sl^ 
Hi±l:ttRI=ft»tt«)niI nP|52^7->H 
JHrt*dEfiU *^JiEStE±Wnl! I nP^Dy^Bl 
HpfInPyD7^I«mt)0tU^b, _t 
E<0Jc3lC, 1RMOC VDricfifZ«fcS^+J-»tjSOf^ 

[0 0 3 3] i^ClO^f'^T^ ±ElffiS3tU— 

[0 0 3 4] *&;i<0RWfc*V>TfcL ±Effl»*U— 

». XCXn>^j7 hH&jsfifi^-frfe^ -^OJilclglcD 
R*tR£«j£U -hE*««:S«<OS®ct0X.y^>^ 
£fToTBi§P£:Jgj£L£:^ -€-©J6ffiJC»2C0RltRS: 
i J; lB*fiSfifl)l/-lf^*-H 

[0 0 3 5] ^^co^W^^Tte, ±EffiK3tU— 

4? *SBl. *2©JEItK*4 & W*R»RK:±D»riE-rs^ 

[0 0 3 6] *fcd<0«Wtw45^Ttt, JtE^JfcU— 

[0 0 3 7] S-fcZOSfiMK^TWU ±EM%7tU"- 
50 If^-f ^--K^HJt^ftK^^T. ±H2IMIfflTX 
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[0 0 3 8] *fcC<Z)«WK45V^Ttt, ±SBSlI*S^ 

[0 0 3 9] SfciLtOJEKfcfe^TWu ±EMK3eu- 

^ftJgJSKTSXSOffil::, i:E¥a»#S«±fZ*6^i; 
fca&xy^^ISBfcBftj^SU ±fSvx^^^S 

[0 0 4 0] ~<D$m\Z&^T\t. fflfta^-r-PtBiS 

t, doc} Ms^r-rs*»frs«i:^^jBfi$n^:, 

<0 1 1) [Si, mS (0 1/1) ;#fa(£>2£Jftt>^ 
M^^ItL, {111} Blti^n, ]B 

Jtas^* <0 11) *|nl©«»tX3»«8"r-5*«#Ha:0 
R*if£S<D4^0 {111} BS_hlcte 
«fi*tfTton-r, JifE {1 0 0} ^ft^TT&^&glS 

ttfcfiFtt ft « m l t*s& tc mm $ * -y-coa a»« ft 

[0 04 1] *fc^<D58Wtt$^Tfi, ±«BI8«36U- 
If ^3*— KJC^UT, ±B*Wfl:BJ;Dft*;*lHB 

ji, 4c?c7) {ill} B®ft^-r^>, ±is {ioo} a 

I nPAy-77l, InGaAsP^ftl, nSlnP 40 
tt, nilnPyo^i, pilnPyn^l, n 

[0 0 4 2] ^Cco^f-^rfct -kESBRJtel'- 

>y UT»ricbfcWPcojSBSt»rit$nfc* i vmnft 



<&§PF7 - 3 1 2 4 6 2 

-if y-f H ftflMM- * £ 
[0 0 4 3] SfcuK7)S93fc:43^iTtt, ±E'iSK5tU — 

B. 3>^^ hJH±(C^£$n/iffi20**#s»Ri: 
ft. $ fctcWTSfccoi: Lfcc^T\ -^cr)KiittS<7>ro]± 
L M ^ 1/ -if ^ 3— K ft f# & £ £ a . 
[0 0 4 4] Cco^qmi&^Tte:, ±Eifi*^U— ify 

v y 9 »&SkM^yt U-if ^-f t-H7K ftffi/^t" ^ 

[0045] ^^u©^j]i:i5^rn ±E®»7tu— 

(PHS) «ifift:SttHT, **WiRettHT<Bafifl5 

ttftr^hT^, ^ffi^i/-if^i-^--Hc7)-x/N--rx# 

[0 0 4 6] SfcCO^fcLfc^Tte, ±fc!M^7tU- 
[0 0 4 7] 

^-Y^-Hft^u ii(a) tj [on] j&iaj tent 

*ffi&;frftftT^TJg»T*£, (011) ^faD (D»r 
Bf«5S:W, mi(b) [0 1/1] ;£f£j [^LT, 

<0 1/1> ^ffi]) 0»td8SSCKIT*iS. HlKisH 
T. UlpIInPig, 2[i^piInPS^l±C 
@SM$nfcpl?i I n PAy77», 3tt8pSlnPA 
5/77B2±i:EB^nfcInGaAsP (In0.57G 
a 0.43 A s 0.93 P 0.07) ?£f£jiT&D, -€-CO»fiiSfi« 
1. 5 5Mmt®a. fci3, cnii*iT?ltt<, ^J^_ 
5BO I n0.53Ga0.47As «>x;i/S (JS*.«58 0 
^■>^hD»A) t, 6^c^) I n0.71Ga0.29A s 0. 
63P0.37AU7JS (H^ 1 0 0 t>^7 hD-A) ^ 

fc, 4 45cfcV6tt, ±EI nGaAs PfSftJg 3 ±(CBB 
fi^nfcnainP^7«;Hl, 3 0tt±EpSlnP 
A'777i2, InGaAsP»tti3, WnSln 

§53 0<D±ftvMl n PA'777i2$l»6»A;T 
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13 

Jb*2p^ I n PS-ffi 1 ±icEH$ft;tn«B 1 n p-/p 7 
7 l2_LEZft/g4KiW3 OCOigSpSy i n P 7 
rJS2, J:KfStt)B3. &tf±EnSlnPi77yHB 
4 £pgfflja>6teS^±82n3!! I n P ^Dy 9Mo±.\Z 
ffcrnZtlfcvM 1 n P^D^iT^D, CO p8!In 
Pyn-^i7H ±BHnS! I n P 2 5 y KJB6C0EI 1 
(b) ©££0SSI±|;t»K$nT^S. 8 te_hfSH 
fty&Akmz 0©J-lni I nP^77Fl4, 6 

ja^cn^jg-jj;?. Jiispffi i n p -fuvtmi 

[0 0 4 8] k, ^^fflwoiftii^^i. — -*fy-i K 
of^M-T-j(g^, U2, m3&m^Tmwrz>. 
k 2 it < o i i > ^r^jco^rim sscia, m 3 « < 0 1 / 
l) *l«j<Z)WE«iS;igTS£. 

[0 0 4 9] 63 2(a) , [23 3(a) Kjft-Tcfc 5 fc, 

(ioo) ffi ceftbr, {100} is] £^rf£, ^ 

^^^^ 5X1 0 15 cm 3 (Opil nP l _hlc, 

[o i i] ^ft (i»ix, <o i i) ^rsj) , 

[0 1/1] OSftLT, <0 1/1) ^ft] \z^r 

n-en*5 3. 5 jKm^jg^Hmsgi 0 oa*. & [01 
1] 2rrpj ( [0 1/1] Mcoiats^ioa, 10 

[0 0 5 0] mz. P*]2(b) , l^3(b) IZtkT&oIZ* 
MOCVD Metal Organic Chem 

ical Vapor Deposi tion)/ttr J: 0, ^f»Mlxi0 
18 cnr 3 «pIInP/t 7 77§2^$l. 2 // m, 
I n G a A s P fgftjl 3 £JP£ 0 . 1 /zm, ^j&ifeig^ 
lX10 18 cm- 3 Onll nP^77Fi4$j|$0. 

*»©j«*»»«^L,3t»aH*H4t*'r. <o i 

1> SIX (01/1) ^^](-^ K9>f :/ttteH!n 

»&*-r*a*±fcMocvDffifc<ko«fl«K&ff5 

^^CDitfTtl^-DT (1 1 1) Bffi (4ffi<t:*> 

(1 1 1) Bimunt^it^o, ife&;ffrL 
T, {111} BBJ ««lfi8U 4ffiK {111} BIS 

^tts^i^^n^o co {i 1 1} biu# 
j>ss® t ct an, c <7)±t- ttjbfifi^e c o < v> c t ^ 
asnr^s. «£-?t, [o i u ^comm (02) 

™ (10 0) ffi, (111) BITi^n/:&M^ 
>W&Stt. [0 1/1] (0 3) Tftt (1 0 

0} 85, (111) Bi, (ill) AtS"Cffl*tifc/A 

[0 0 5 1] *l:a«/JSffl^^9&|»iLm 2 
IHHC0MOCVDricfilCJ:t)> 13 2(c) , 1*3 3 (c) \Zm 
T£o\Z* ^£g^ffig7 X 10 I8 cra- 3 ©nilnPg 
£JP£*ft 1 /im^gf/.,. cntCcfcO, pHlnPM 
UtUniInP^D7^B5)5t«fiU ±Bn«@I 
n PZ^y K»4±fZttnS InP^77 KJB6)W*fi 



2 Sfc, (111) BIlCliM^uf, 

&^C<tj&>S, [0 1/1] ^rf^CDrrffiTti (1 0 0) 
H, (111) AH#lRHC]0cfi**ii2K nSlnP^D 
U/i^JH 6 fiS^, [0 11] *fpJO!>»fiS-Ctt 

(111) BIl?ffl^E«Mi:niInP^7 
HJB6<Z)jas»<ii^ ^<0^-y*ggco]H±S5lC [0 1 
1] (8»LT, (Oil) ^ffij] <0«g§M*Jgj£S 

nfcP$*T/£fiti#jtT£. &43, CCT, nllnP 

KS6CD*T^*y-fflCDJM±ffl(C [0/1/1] #ffij 

((oii> ^tirj) oftifi^Msn-s^ttas^ 

RS6<75J9**t±EL,fcJ:'53a:ff*<7)*'&tt, 01(b) 

-t^t [o/i/i] *ft ((oi i) ^) 

^^cOT«^:<, t©H2©£fiH»l: (ill) AM 
[0 0 5 2] u^T, tt¥»#»©J«fiK45lr>TB, -t 

J*fiflIllP«* 1 4 af^^-MMPinm^ 
**JfiW 1 ^*3ViTffl^^ig«?riEfiffl^x^ 1 0 OfcL 
H8(a) iC^Tct^d, I/— tf^s/yo&^A-f 
fi«D|*l^. IP^, ^-^W^^^DO4^C0^t- 
5 0 umtmJjtDjfS—mfo&mmn&l 4 a«rR^&t> 
CDT&£>. ±KSJij5£fiffl^x^ 1 0 0©»*MfcRJ8^ 
X^ggl 2<D&BPgM 3tt, #53. 5^m0^T^ 
0, 1 f ^©iBS»3 0 0 j^mtnt, 

[0 0 5 3] ^r^cnti, 0 8(b) ^Jg«^gTXi7 2 
^ 0 OCOct^^, JiE^/WXJKjScfllJSD©— miz* *S5 

0 — ioo Mm^x h^-f^^- m&L&mmaffi 

1 4 bSWt$i5i:UTfe<fcK 

[0 0 5 4] m*T, B2(d) , ^3 (d) tC^-f^ 5 
(3, ^WftMlX 1 0 18 cm " 3 OpSlnP^Dy^ 
^7^iP$^0. 5 um, ^^©^7 x 1 0 18 cm " 3 
©nl!lnP3>^^ MH8SJ»3»2 umfiEfiLT, 
feMSlg^m. CCOIS, S3(d) IZtkT&o 
I', ±fBn^! InP?7yHH60{lll) AM±tC 
\t. piInP^77Hi7^ ^±WnIInP 

59 ^77Hi6co (i ooi mtffi—\zT£z>jz o \zmiz 
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[0 0 5 5] ^5 (a) iZ <0 1 1 > ^JbJ^S* 

lOInPS. HC1:H2 0 = 1:1 OX7f>^S6 
15 0/im, iSISWl 0 0 um(7>njg»tt<^BBP&«J5S 

LAcatc, mmocDi&mizvmm&w, ^^.hs i 02 
mmo. 2 7 Mm) is i mmo. n^m) $4 

<B, |5|i;<, S i 02 (RJSO. 2 7 itm) £ S I (Jg 
»0. 12/im) £4Bt*t3325lC«HLT&£, S2 
<&R«#*JBfi*tR 1 7£ff»U ftftl:, pffillttfil 
5, StfnWSgl8SJ»JsEbt, Sffi#c««§8ffi583te 
L D «f^»-r S £ t S. 

»ttJBjffi#£«m5&&*S£tt, nil nP^7 4 ;Hi 
4 t nf I n pyn 7 ^I 5 i^fiMTftS 5 e Bl 
1 5(a) \z <0 1 1) ^[Rl3&^*fc»rffi^tt$^-r«fc-5 
\Z* nf I nP^77Hl4(hn5!lnP7D7^i5 
t^ttH^SS^H nSlnPIJpSlnPttt 
^Ti±ffiftM^{£V^c<0t'^^Stn j ? : >T<, mi (DM 
xSeSKll ««aST5. ^7c, Hi 5(b) tc^-Tct:^ 
f£. ni[nP^77Fi4tnSlnP^D7^@5 

/t*£SoTSi2(B4!S5»«StI2 *<84t5. LJfc**^ 
T, nainP^7-;H14tnainP^D-;?S5 

[0 0 5 7] C©«i:5«:*||JfiWlo*J£fc*5^Xtt, 
XyhXy? 1 >^ffl^©'Cft<, MOCVDlRlilc 
JHO^it^tttt, ^^coM*'firi, ^Sm^<ht3j:^T 

xe^+ytJ^, Liquid Phase Epitaxy) X^<, 

{111} BHCDtfsa&fiJfflbT- f£tt/ICD£;b 
tlwJ:0* ±&<D£oizv--#/*7><Dm*Mm&i£W$z 



(9) 4$gg^7-3 1 2 4 6 2 

[0 0 5 8] £fc£b{:u **JBW^45^Ttt. 
<B y ^ — /Sfiffl SB P Sfl £ ^FT -5 fe o £ m ^ £ £ <h \z J: 

[0 0 5 9] ft: is, **^^5 - 1 6 7 1 8 4^^$gi3 
i0 fck (10 0) ffi^fiSWt5nS!l nP8S±l:, < 
0 l 1 >^l:flP^f t^Mvx^^Ml, cm 
^IMlTX^tlt, JtEBHPCDStRJiKAy^r 

m, f«*»««k:ew£u jfcss#«ft 

*3 0, «fBH¥4- 3 2 2 4 8 6#4^a(Cti, (1 

0 0) *SSffi«fc"3»:5*ffiJC»bx^5 i >5 r &fT-3T 
(011) *lRlt»oTffi^X h^-f ^tt^itggjB^ 

a? »$*j«t-6i«!:(:j;0, ±E;*-y-3Se_tTfcL (10 
0) 1^55° tf>^g£&-r (111) Bffi***i;T»f 

[0 0 6 0] IsfrZlZ* :n6WLT*^0^t (0 

1 1> *[pj, Rtf (0 1/1) *|fi]0 2ia*feojg»BB 
Pffi-tfc, I^Sl; J: «9 ^li-S^Mt^ ^ 1 1: j; 

0, ><-9-fflIgnC0 4M^'r^T, 4^<D {111} BK 

<h^pj|g (ETC, JbE2:3©a«fcE«W>fc©<D 

^J*g \Z <fc 0 « JS-T S /& & 4*« tlt^Sfc0«l:tt*t 
[0 0 6 1] J&cfc, ±ESeJB«l-ett**©U— 

[0 0 6 2] l8Jfi«2. ±E*JB«ltr^^Ttt, 
<*Sffi 1 C0SS^^C0X-y^ 1 >^ r ^ 4 BfJgOI^WitLS: 

cfc 0 t C ff 5 ^ t ^ T €T ^ «t "5 f C U t> <D T « -5 o 
[0 0 6 3] H6ttCCO.t3(Cbfc*aqacom2 0)SIJS 
lc «t * ffiSBiK: If ^ H (DUm^mz J; *3 HjS 
$n^ffi*5tU— tf^-f*-KS^U, i^tC^T, 1 

PSfil±l:jg*$hfcpSl nGaAsP (In0.71 
G a0.29A s0.63P0.37) Xyf>^ hy/^iT* 

5(? m 2 (omm\zm 1 coR«»#BEjWK 1 6 ^is^nx 
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[0 0 6 4] ^m^2\Z^m^V~^fy^^- K 

SJgia-rSmJfc, ±EpIInPSfil±{; P ii nG 
a A s Px-^>^ hty/^B 1 9 SrJgjfcLTiS < <fc 5 

0, ±IBp^ I n PSfil ±mpM I n P/b77 
A 2, InGaAsPM13, Wn5II nP^77 

I nGaAs Pl7f>^X hy/^fSl 9 £#-r5#fifi 

[0 0 6 5] SEoT, J&^£*^JS0J2Tfi* ±f3tH 
±EJi2, 3, 4, 6ckD&£ (Oil) zfrfn]<£>»r 

<^ 0, HC 1 : H2 0=1 : l©lyf >^«Sffl^ 
T, Sfil«J;»}R»Ml: I nPOl«ly?>y$ 
ff^T, P3? I nGaAs PX^f^X hy/^fl 9 
&«U£-ti\ KBfflU*:p33l nGaAs Pl 7 

f^hymi 9$«H8S:ffl^Tl»iU ^c<D 

a, tsxyf>^h^/ti 1 9*«s$nfc±Epi 

InPMy7rB3©StfiLfciiBl: t J:|E*»«lt 

[0 0 6 6] CWj;5ft**lB«2Ttt, 
X^&»«-rSfflffc. pilnPSSUCpIlnG 
aAs PXyf>yxh^Sl 9£#AUT:fc<<fc5 

[0 0 6 7] ±E*JS«1, pllnP 

^^Sicrn^k {SU niInP^7«;HB6 
ni!l nP^D^^lSdi^ffljb^^i^icgjl 
& &9£T £ £ 1 3&^S 1 £ . 
[0 0 6 8] mmmZ. *fc, ±ffi**«l, 2TH 

ff«bfc*t, 2tt<D¥«#*BjE»K£fflV>T 
[0 0 6 9] *55IBOJB3e0Slj(fi«tt, u0j;^7i2ft 

a«*ssfflffi»jieu-if^-f*-HT*o» emu*- 

T. 2 0te, ±SBpS!I nPS«cl±(r, S^fSSfflv 



(10) SIJ?7 - 3 1 2 4 6 2 

IS 

X 57 9 -©nfjtc, S5 1 i£4MB(*:*«R8*!R, 2 1 

te. ±EnM I n P3>^ h;B8±lc^dcb^:S5 2CO 

(DBRI, Destributed Bragg Reflector g) <hUT 
te, -^tl^Pn'A / 4 J9co I nPt. A*>K^v*y:/Kfi 
1 . 4 umW I n G a A s P (I n 0. 71 G a 0. 29 A s 

0.63P0.37) omfflmmLrzib<D$:m^\ mico 

S 1 x 1 0 t8 cm - 3 ) 3S2co¥«W:*ias*rK2 1 
10 \z\Zi\m<D K-tf>^ (^SEfeSS 1 x 1 0 18 cm 3 ) 
SrfroT^S. une^DBRl20, 2 1 ©Sltsptt 
#J9 6 %TSoc 
[0 0 7 0] 21<?5«fc^3&*^SBffi|3 0S;}*(r43l^Ttt, 

ftWz\Z* O^v hxyf>^fflVifi:MOCVDa 

^ntjnAT, ®iaa[ftfiig*#ids-rssit«&, 2#c 

(D¥m4£&m&Mm&m^Tm&i'tz.z.t\z£D, em 

<b<Z>Jgi£:ig 1 Eg, S2[§|(OMOCVD}£!: c J;0Sl 

[0 0 7 1] ^SS^|4. ±BB*JfiWl*di:SaKJ«*Effl 
\z. HriEfifflHPfiB*Rtt5<J:5Jwbfc^ #?6 

[0 0 7 2] HI -fe, 153 9(a) f*. Sglt^SL/:*!! 

fRj^e^./tiaT*t), 0 9(b) tt, 1219(a) 4*<7)A- 
A' OgrM^-C^^o l^K&^T, 3 0 0fi*as^ 
»4CDHJBW^«tSSlR£SS^Xi7T*f3, ^ntt, 
40 8 IC^T -fcESgJB0J 1 »Ci5lt S38K«fi"7X ^100C 

*§gD2,D3 t-^^X^ ^n*^$-JBJ«fifflPBP»l 
4 ^bfc^CDTS^o 

[0073] --t, M^a-^g^^pgpi 4<omo 

5^ <D-VfoZ> 0 
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[0 0 7 4] C©«fc5^*S6JBM4 08S583tU--if^-f 

[0 0 7 5] HSg«5. J^T, d059591©3B5<O||liB« 
tC ct 3 fi L D 7 U -f OSjg^jS £ 0 H O V> T 

mwtz>o no(a) \t, *9£w<Dnse>mmm\z£z> 

(011) ^r6l^6*3tWrffi«**^"r'b<DT?*0, £t 
T£n£m>T*ISJfi0! 5 0*»fiffi»3tLD7K <D 

[0 0 7 6] 010(a) iZ&^T, ate, ClOD^feg® 

IfiWTIi, a-7KOazy h©fitt3 0 0 /tmfiOH- 

a*, bi <b2 <b3 (-en-en, 3. O^m. 3. 5 

um, 4. 0/im) t^^efc^tc, 1 ±KK 

[0 0 7 7] MOCVDfcfcKcfcO. ±fS¥aH#g 

fil±©g. bl <b2 <b3 <D&-?X2MQ&-HZ, 
pHlnPn 7 77i2, InGaAsgttfi3, nM 

fct^o EPS, ffiJ£$HPSMBftib2 T»*HS**«8fc: 
*tr»T»±. 3, 4®J|JPtt. 1. 2 Mm, 0. 

1/zm, 0. 3 umT*S<OfcaL, Jg«BBP««*tb 
2 ±0/hS^bl TiSHSfeftl^fy^Tlt 
2, 3. 4<Dmm\ts 1. 3 2 Mm, 0. 11 Mm, 
0. 3 3 MmtJiK&D. £&Jg»H!P««tf*b2 J: 0 
**Ub3 TftSHSSIKOfj/yTlt 6-B2, 3, 
4©HJ»tt, 1. 08um, 0. 09um, 0. 27m 

[0 0 7 8] ^LTt®^ ^^^SSIH 
*A (JS»HPffi«b2 ) 5 5 Mm-C^^OlC^ 

L, H^fc« (Jg»HlP8HBbl ) tel. 5 6 Mm, 0 
(Jgffi?HPffi4Ib3 ) tel. 5 £ 
J:§2PlP5£<E>/h£^bl "Cte* b2 <htfc«EL 
Tr>x;WHffjWp<&D. ^ntCctO, Sttgco^^h 
^5*y-fe>x (PL) Jftfi*«fi<ftD, BiPJ£cD*£ 
Hb3 ~Cte» 9xjWBJWt*<, tfo PL 

**>cdt, ^o^w^, a-BBP«B-eoettJBi*«to 

MOEfK^Kfe^ ^coKig^BSbT 
te* 010(b) fc^?\k5fc. nIInP^n^^5 



(ID 4$W¥7-3 1 2 4 6 2 

ttL&V>«fc3lc. nl I n P7ny&m5<DMm&&:tb 

[0 0 7 9] ^<0«fc5^**JB«J5fcJ:-6*«l[fiffia53tt 
LD7 WOSHfcfrffifcisVvtrte, ^&gS5£}£LDT 
Wo. 7K<oaryh©StH-TffttU 
Sfflvx^ 9coMPgB<D<g£, bl <b2 <b3 <tU 
j e^±tlMOC VDffitriD, pSInPA , 77ri 
2, InGaAs^tti3 ( nil nP^7y 
)B*iSfi«^tl:J;D, Stf^^S^vx^coKP^t- 

«fttSHtSflffll/T, »SttJI©*3e*«fcSC^* 

[0 0 8 0] 3i45±E*Jfi«5Ttt, 7HW-yb 
6 £ — £ <h L 3«J*g V X ^ o M P ggifg Z> ZL t IZ 

cfcO. BBP*S*fls*li-a«k5fcLfc3&^ tnn 01 

U 7H hfial. a2 , a3 £^fb£-fr£ 

32 [0 0 8 1] 01 lfciSHT, TWCW-Xy h 

ffal,a2,a3 II J ttl J 6tX2 7 0 Mm, 3 0 0 Mm, 
3 3 0 MmT*0> H«J5£^X^cr>^Pe5<gb«3. 

IS, H^£«a>g=-y^ (azy hits a 1 ) Tte, 
2, 3, 4©-tn-?n#<» 1. 08m m, 0. 09m 
m. 0. 2 7^mt«<^:0, ^A©^;^ 
yhfia2) Tte* -en-€ r n±Et|S|«, 1. 2 Mm, 
0. 1 Mm, 0. 3/imT*D> B/TStt^'y^ (a 
-yhBa3) 7?tt» ^n-^n, 1. 3 2 Mm, 0. 1 
# lMm, 0. 3 3(imt)KS:D, ftf 
<Z>5£&ifcBte. 1. 5 5/imT$5(Dl:»U 0 

Sfefllttl. 5 6 Mm, 5 4Mm£&5 

[0082] ^*s^i6. «t. ^<o%m<ome<ommm 

ICct*B8J83tLDOffH^Fffi»C^tiTR93-r«. 012 
te, C<0»WoJB6O*JBfllk:J;SH«3eLD©ff»SF 

ftfc^U (0 11> 3&|fii^6i&Lfc 

[0 0 8 3] £TF> **JB«6<0ff»?ttfct?lriTR?li 
49 "TS. pfinPSfillt:, *SttJH©x*;U4= 

— 4 2 ^s/^j:o*e^x*;u*--*vyP r &*r-r-5pa! 

InGaAsP«22£JIS0. 1 Mmj«fiU -tOft 

[0 0 8 4] pIInPA'77712, InGa 

AsPffii3, nSInP^7r/Hl4^JBM6t 

[0 0 8 5] ^(r, JiBB«Jj«fi«VX5r9€»3sU& 

0. 8vx^Tl:fiSLWcpiInGaAsPi2 
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[0 0 8 6] COcfc^ft^JBWe^ct^ffiRJttU-lf 

X^9^piInPSSl±HM^iC, Kffif#m 
fc, i£ttB©x;M^— ^*y:/«fc D**lriX*J^- 
^t7^tt5, S^X-/5 1 >^nItg75:p^ I nG 
a A s PB2 2£^AbT:fc<<fc5l;:U*:£:g>, ^StR 
«*UBvx* 9 ORSai:±E«fi 1 JifciMMWB 5. 
7, 8^^j^r^^tC, JiiBS^ 

x^^>^pj|g^s^^^o, y*— >?£SW-&B£ 

[0 0 8 7] Sfe|fc«7. ^(C, ^CO^OSJRyi/—^ 
yHt-h^ (PHS) #HBft*WR#LD«>— * 

js«sHi:o^Tii«ts. 013(a) ^m<om 
7 (ommm \z <t ssjr p h s mb** «a&K3e LD&it 

(Oil) 3?ft*6*fc»rm»«fe3Rr. 
. [0 0 8 8] HI 3(a) Icfc^T, 23ttpSlnPS 
«1 £Sffij&>SXy^>^LTG0SB2 6£JgjfcU -£cD 
MSB 2 6 <Dftffi±[;:^oT^L*: pfifl:*-— ^ 
& 2 4l»(0p«t-5 y ^g2 3&«j£L&Jbe 
0OSB2 6Wlc*j£b&Au««kt)&*PHStt«-e* 
IH^ KPHStS24^§S,!:LTIt SI 
3(a) 3 0 0 Mm-C£-5*>CDK::feV> 

X, Ktg2 4tf)]g®CD;g£j$t2 0 0 Mm, -^CD_hMCD 
1 5 0 /£m<&fr»a><&0ftf— MtLTJttf&n* 
cniJHS0 2, 3. 4, 6<OBj&*S£:*3ft»tt 
OgB#Oj!£®7&*3. 5 /xm-C&^CO-C, LT+ 

[0089] **«mfc;m*5PHs«tt#ijswu s 

&B 3 T<Dg« 1 JtE¥*4MMBEMR 2 0 £X y 
^KEJSSl 6rtK:PHS««2 4 ^^^-r^d^iC^o 

T^e»ns, £<&PHs«»fcj;n«, gPHstg2 
4 \z j; o ettB 3 ^cot^^^^^t * - 1 

[0 0 9 0] «:*5*SIJB«7JC45^TJ±, «tt^3TtC 
PHS«ii2 4&«J*-rs,fc5^L,fc*t m 01 
3(b) [C^-r<fc-5IC, 2[hIc7) F^-fXy^^fccfcO* 
«ftg3T6BtCfigf SG3852 6tC«g?bT, ttflH£B 
3T<Opgg$<Z>g&iM;:£ SKDae&2 7 a, 2 7 b^ltB 
U Cl©3^©G38Brtfc«»ttU&PHS«|Jfi2 4** 

n^B5, 7*±EPHStS2 4 tg|5U^W^ 



2? 



IZ* JbfBPfflJcOtHISS 2 7 a, 2 7 bfttC;fcV*T* ±|Bp 

iOMfc, S 1 02 R«(0tfitHR2 5 fc# A"r*;ii*« 

[0 0 9 1] ±|2PHSmffi2 4 bCD^f&tiLT 

tt* MA.\t. T&tfi2 0 0 — 2 5 0 am, ±&ifil 0 0 

- 1 5 0 urn, £*C0^a^(Dii:g^5 o wmCDfcCD 

[0 0 9 2] SISSW8. ETF. ^O^^O^ 8 CDHJS^l 

©JS8<0*Jfi«fcJ:-6B«JtLD* <0 1 1) #|n]j&>S 

[0 0 9 3] H14fc:fcV>T\ H7tH-ffWH-S 
ftfcMBS«#£SU 2 3fct, nSlnP3>^^M 

±B*nfy3fc*w-«tw«, fet$Lm3<D±mz&z>± 

ES2^*M@S»K2 lcHUft, «*tt»5 0 
»«Ki3T**if!ittWftKJ«|»*«2 8tLT»rttr 

[0 0 9 4] f£oT. *Safi« 8 ©m*3ei^— !f^-f* 

— FTtt, C©«k5fclSttlH3fl!>±IB©*2©*»flc* 
Jf£ftR2 1 8Bfci£b««rfflJg««2 8 £Mtt, 

[0 0 9 5] 

{10 0} H«#-rs¥IMMS«_hte:* (oil)J 
[hi, Rtf <0 l/i> #ft<0 2ffl*fc^Jg*iia*:firr 

<fcD* 4^0 {111} BI^L. ^<D;*1*-g&CDlSJb 
«3ft« <0 1 1) >BrfiI©|B«teTl»*-r*J:3a: f 

X^t»*LT»MUfc±E¥»#»KJ:fc. «*:/o 

*B<t D?5:^^iJ-a5^>4^^) {ill} BWTfcMSftjas 
fi**ff±-r*«i:5«:d6fiSfT3bii:«XSi:. JLE*»«: 
SSt', -toKMADxy^^Sff-QTBa^ffl*© 

ffl*ffl<oHP&«ja£-rsxet, -tE¥«^s«os® 

5(9 T*, ^fcfflaBfer^TMOCVDffitCctO^Sr^ 
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sen*******. 

[0 0 9 6] SfcdOSMIlfcintf, ±Effi«3CW-1f 

7/1, InGaAsPgtti, nainPSlJ^yH 

n>9 9 hJHftScfiS*<5Xgtt, nilnP, pfii 
nPS:J@^g$itSfecDTfeO, -^coBSJbEAy 7 r 
Jl» «ttJH, Si F«<fcD&S*tfffla>4^CD 
{111} BM-CJir nP©»ltfft*tfij:6f* JtE 
ifiiCnSlnP^DyW, ±E*U-«toJ6l2r 
HB±l3tt»rHfHft«tt©naf I n P^2 J^yH 
I^L, ^r?JiESS±OnSI I n P^Dy^^Jb 

EOJcifc:* SWOC VDj£fiK < fcS;<iJ-fl|jgC!>tfs 
& R«aaH©MOCVDffifcJ;SfP»*SgSLT, 

l/-tf ^-f H SfWT?*S3»***» & ft 
[0 0 9 7] £fc£<DS8W£j;ntf, ±Effi5B36W—if 

[0 0 9 8] £fcd<^5SWK<fctttf. -hEfB5B3ttW— If 
R£»JE£U J:E¥«#S«©Kfficfc0X!y^>i/£ff 

[0 0 9 9] *fcd05BWfc<fcntf, ±Enff**l^-'tf 
fcUfcsrc, *»*W©xKj4fii:it)|(tKitRs»j8 

[0 10 0] SiZiZCD&Wlz&nit. JtEB9**W— !f 



(!3) 7-312462 
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\Z. ^/WXffHfilW^ifiW^^S-iafiJHMPSBS*- 

[0 10 1] *fc^©»Wl:J:na ±Effi»5tU-1f 
©^S-JfcfifllHlPSB*, fflSKiSSLTSiOigL&fit 

* KMJffl-r d i rt*T £ £ 8S s n -5 . 
[0 10 2] *fcd©*MfcJ:ntt, ±E£0[^S»S 

^Sffl ^ ic&^-r HS<DBBP*j&iftfc*&ft<0 

20 [0 10 3] $LrzZ.<D$£W\ZJztl& ±Effi»3tU— tf 

&»dE"r^XSosan, ±E¥WftSffi±tc*6^i;a& 
X«x*^>^i5tBfcJi£»dGU ±E^^S»fiU 

[0 10 4] ^^CO%^tc^^a^^^\5=*n«ig 

ai©aB[ftfi»fflap»#iii«jewtf ^-f Ft j:n 
tf, {loo} ffis^rri^WftaiEifc****!*:, 
a? (on) r« <o i/i> jjft<D2m**>-Dm 

iMMtU 4OC0 {111} B®Tffl£*U 11 
±«Nfl (0 11) ^^>3B»fcT*«B-ra***/B±D 

fcZ^y-ffih. &*VU<D4r><D {111) BM±(3Ji 

&&iflf7t>tvr* _tE {ioo} ffi&*r*r***fts« 

±©*fc*j5S^nfc«88^Pyj^JB. R^n>^^h^ 

&i&tf&$:mm vxmmzmwz nit *-&mm<Dms±j& 

[0 10 5] SfcilcBjgWfcJcnfcr, ±EHSK36U— if 

4t?<D {111} BffiSr^rr*, JiE {10 0) ffiS^T 
p 9 I n P *Wff 3S«±fc)B*»jjE$n& f p 9 I 
nP/W7ri, InGaAsPgtti, nllnPS 
^7yHB, Sl^nS! I n P|g2^^^ HS<t 0>i 
0, JLES»tyn-/^/i P ^or-e<D±ozi>^^ h@ 
tt. nilnP^Dy^i, pilnP^D^fl, n 
5^ 91 nP3>^^ hUT& L/^c^"C, ±IB^1t 
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[oio6] $izic<D$£w\zj:tux. ±mm^u— tf 

[0 10 7] S/z^cO^^iCcfcn^ JtKB5«5£U-if 
E^ftici; 0 ft* * if SSJttcj&g LftiE^D^ ^ 
Ufc WSBK I— if ^ H 6 nsss*#* 

[0108] ^o^tina, -tKffiSKjfcu— sf^-r 

[0109] s&c^Kga^^nti. -ttasi^jggg^ 
-F~»^ (phs) #?i££?gttJlT, *S^fcH*«tt 

[0 110] S&;i©589!l;:J;*ifcr, ±E*S[*fiBS 
©WR#U-if3^*-FIC*Vvr, * 1 

[Hffi0ffiW«:R91] 

[HI] £<*>5SW<D|g 1 <Z>*!SMfc<fc£ffi»3ttU— tf 

fi*JB©<o i i>^rpico^M ( &tf<o i/i>^ra 

[0 2] £©589§©3£K«1 K<fc* 855836 U---if^>r 
^•-Hco®^^fecD&Xglc:*5tt^<o l l>^rnjcD»r 

[83] d ©«M©*Jfi« 1 f^cfc SBS»5t U-if ^-f 
[04] ^©*W<o*««i (CcfcSffla53KI^— 1f^-f 
[0 5] £ ®3B9i<z>%K09 l * ffi|g}te if ^-f 



(W) #H¥7-3 1 2 4 6 2 

[0 6] il©«l80S6JB«2 Jcj;-5ffi»3tt^— tf^-f 

f jg^tttc ± o mm znzmzzyt l d £^c*r& 

[0 7] £ 0>X9J4>9gK0| 3 fc J: ^>®5S>t l/-if ^-Y 

[0 8] ^oasi8<z>sais«ii jwcfc^ffiss^p— if^-f 

[0 9] £ 0>5fi9I(0SMS0J 4 <fc *H5«fc if ^ 
[0 10] C©«9B<D**B«5tJ;smWtU— tfy 

[011] £0%9!0>SgK0I 5 fci^TOBtl'— tf^ 

«3t L D 7 K ©HifiXgfcis tt* erffi^^-rgfSaSiC 
^ 0T&&. 

[0 1 2] CC05BW<©S6««6KJ:Sffi»3t^— ify 
-f^-- F©«i6#ft«-Xgfc:*5W'*<0 l l>^co»f 

[0 13] £ORW<0*MM7. t<fc 
* 0 5!* V - if ^ F <£>Sii£#fe K <fc 0 ©ig * *i -5 

M^3tLDco<o i i>^fpjcDer®^^n^n^-r 

[0 14] d©S5WO«»B«8 tJ;-5W«3tl^— if^ 
-f *-Ho«JB*ttfcJ:01Bfian*Bff««LD©<0 
^ 1 l>*l«OIPfHJWftt«rWrBf*aKIT**. 

[015] c<7>%w<D^ss^ i fccfcoiijisn&ijs 

[01 6] a*©H*3teLD£*T«ffi»fflHT» 

1 pflnPSE 2 piInP/^7ri, 3 
InGaAsPffl, 4, 6 nSInP^yH 
JR. 5 nilnPyP'^R 7 plInP^Dy 
40 tm, 8 nSlnP3>^M, 9 

x^* io naffi. 12 MWEfifflTX^B, 13 
tEK^^fi^BBPSB, 14 ^^-^g^rangp, 

15 pffliiffi. 16 SB 1 (DR*ft:»JR£|flR. 17 
»2 0RSft:#J|EMIB, 18 n®«ffi, 19 p 
IInGaAsPX7f>Why/m 20 ( 21 
»1. JB2^*^15tM. 2 2 pSInGaA 

sPi, 2 3 p«3^-— 2 4 PHSS 

ffi, 2 5 S i 02 R. 2 8 Ot^«ftgp e 
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[H3] 



(16) 

me] 



1$M¥7 - 3 1 2 4 6 2 
[87] 



(a) 




15 :pffil«« 

16 : B 1 O^^A&^R 

18 : n«*ffi 20,21 : 1 ,55 2 <7> 
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(17) 



- 3 1 2 4 6 2 
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4$5B¥7-3 1 2 46 2 





23:p1BI*-5-y7%« 

24 : PHSBtS 

25 : SiOaSS 
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